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PREFACE

The model investigation reported herein was authorized by Headquarters,
US Army Corps of Engineers (HQUSACE), on 21 March 1986 at the request of the
US Army Engineer District, St. Louis (LMS).

The studies were conducted by personnel of the Hydraulics Laboratory
(HL), US Army Engineer Waterways Experiment Station (WES), during the period
September 1986 to July 1988. All studies were conducted under the direction
of Messrs. F. A. Herrmann, Jr., Chief, HL; R. A. Sager, Assistant Chief, HL;
and J. L. Grace, Jr., and G. A. Pickering, past and present Chiefs, respec-
tively, of the Hydraulic Structures Division (HSD), HL. The tests were con—
ducted by Messrs. W. G. Davis, C. L. Dent, J. Cessna, R. A. Davidson, and
R. G. Frazier, Locks and Conduits Branch, HSD, under the supervision of
Mr. J. F. George, Chief, Locks and Conduits Branch. This report was prepared
by Messrs. Davidson and Davis and edited by Mrs. M. C. Gay, Information
Technology Laboratory, WES.

During the course of the investigation, the following personnel visited
WES to observe model operation, discuss test results, and correlate these
results with concurrent design work: Messrs. B. L. McCartney and J. A.
McPherson, HQUSACE; Messrs. M. Dove, T. Cox, and C. E. Thomas, US Army Engi-
neer Division, Lower Mississippi Valley; and Messrs. J. Jaeger, J. Rapp,
R. Parks, T. J. Mudd, A. Melidor, E. D. Haskett, P. Kornberger, M. Alvey,
F. Burnett, R. Z. Sovar, K. Koller, and J. R. Niemi of LMS.

Commander and Director of WES during preparation of this report was

COL Larry B. Fulton, EN. Technical Director was Dr. Robert W. Whalin.
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CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI

(metric) units as follows:

Multiply By To Obtain
feet 0.3048 metres
foot-pounds (force) 1.355818 metre—newtons or joules
inches 25.4 millimetres
miles (US statute) 1.609344 kilometres
tons (force) 8,896.44 newtons
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MELVIN PRICE LOCKS AND DAM AUXILIARY LOCK AND ROTARY LOCK
CULVERT VALVE, MISSISSIPPI RIVER, ALTON, ILLINOIS

Hydraulic Model Investigation

PART I: INTRODUCTION

The Prototype

1. The Melvin Price Locks and Dam structure will be constructed at
Mississippi River mile 200.78 about 2 miles* downstream from the existing
Lock and Dam No. 26 (Figure 1). The facility will include two locks and a
gated spillway and stilling basin. The structure will consist of nine spill-
way gates, each 110 ft wide, with seven gates on the Missouri side of the main
lock (110 ft wide by 1,200 ft long), two gates on the Illinois side of the
main lock, and an auxiliary lock (110 ft wide by 600 ft long), which will be
adjacent to the Illinois bank.

2. The auxiliary lock was selected to try to use a new concept for
fiiling and emptying. The new concept is referred to as a rotary valve
system. The rotary valves would be used for both filling and emptying the
lock chamber (Figure 2) and would eliminate two of the four valves required in
a conventional lock. However, this would require the discharge manifolds to
be located in the valve monolith. The remaining hydraulic components of the
side port filling and emptying system are typical for locks with this range of
lifts (24-ft maximum and 16-ft normal 1lift). These components, shown in
Plates 1-2, consisted of 8-port intake manifolds (Plate 2) located on the
chamber side of each wall immediately upstream of the upper miter gate sill,
12— by 12-ft longitudinal culverts, and sidewall ports (Plate 3). Each longi-
tudinal wall culvert consisted of 14 ports, each 2.625 ft wide by 4 ft high,
spaced 28 ft on centers, staggered in opposite lock walls, and centered about
the lock chamber length. Triangular deflectors were located on the lock

chamber floor in front of the first five upstream ports in each culvert to

* A table of factors for converting non-SI units of measurement to SI
(metric) units is found on page 3.
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reduce upstream longitudinal hawser forces during filling.

Purpose of Model Studies

3. Two models were deemed necessary to investigate the overall hydrau-
lic performance of the rotary valve under various operating conditions. A
model of the lock filling and emptying system was required to determine the
effect of the rotary valves on the filling and emptying characteristics of the
600~ft lock, the adequacy of vertical slide gates to be used as a backup sys-—
tem in case the rotary valves were inoperable, and the effects of flow through
the two spillway bays separating the locks on the lock discharge outlets
during emptying operations.

4. The second model, a rotary valve model, was required to determine
the hydraulic forces acting on the valve, pressure fluctuations on and around
the valve, and conditions in the vicinity of the valve during steady-state and
dynamic operating conditions.

5. Specifically, the model studies were to determine the following:

a. Hawser forces acting on barge tows during filling and emptying

of the lock.

b. The time required to fill and empty the lock chamber.

c. Water-surface elevations and flow conditions at the
lock discharge outlets with various spillway discharges.

d. 1If spillway discharges caused an adverse head on the lower miter
gate when the lock chamber was empty.

e. Hydraulic forces acting on the valve.

f. Pressure fluctuations on the face of the valve.




PART II: THE MODELS

Description

The lock model

6. The 1:30-scale lock filling and emptying model (Plate 1, Figure 3)
reproduced the 600-ft lock with the entire filling and emptying system, the
two spillway bays adjacent to the lock, and a 250-ft-wide section of topog-
raphy on the Illinois side of the lock from sta 4+00 upstream to sta 13+50
downstream. The lock walls, interior and exterior, were constructed of ply-
wood and wood. The intake manifolds (Figure 4, Plate 2), culverts and side-
wall ports (Figure %), and valve monolith (Figure 6) were constructed of
transparent plastic and sheet metal. The lock guide and guard walls both up-
stream and downstream were constructed of sheet metal. The spillway gates,
crest, and piers were constructed of sheet metal. The topography was molded
in sand and cement mortar to sheet metal templates. Nine sheet metal barges,
each simulating a 195-ft-long by 35-ft—wide barge, were loaded with weights to
produce the desired 9-ft draft.

Rotary valve model

7. A study of loads exerted on the rotary valve was conducted at a
scale of 1:12 in a model that reproduced the rotary valve (Figure 7), valve
well, bulkhead slots, and approximately 100 ft of the culvert upstream and
downstream of the valve (Figure 8). The upper pool and lower pocl were con-
trolled by vertical slide gates.

8. The valve well, bulkhead slots, and culverts were constructed of
transparent plastic to permit observation of flow. All members of the rotary
valve were constructed of brass. Seals were not installed on the valve
because they would create excessive friction between the valve and the valve

wall.

Model Appurtenances

9. Water used in the operation of the models was supplied by a circu-
lating system. Both the headbay and tailbay of the lock model contained
skimming weirs that maintained essentially constant upper and lower pools

during filling and emptying operations. The skimming weirs in conjunction
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Figure 6.

Valve monolith looking from the Missouri side
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b. Front view

Figure 7. Rotary valve







with an adjustable tailgate could be raised or lowered to simulate any desired
upper and lower pool elevations. Dye and confetti were used to observe sub-
surface and surface current directions.

10. A hawser-pull (force links) device (Figure 9) was used for measur-
ing the longitudinal and transverse forces acting on a moored tow in the lock
chamber during filling and emptying operations. Three such devices were used:
one to measure the longitudinal forces and the other two to measure the trans-

verse forces at each end of the tow.

Figure 9. Hawser—pull measuring device on bow of tow

11. These links were machined from aluminum and had SR-4 strain gages
cemented to the inner and outer edges. One end of the link was pin-connected
to the tow while the other end was engaged to a fixed vertical rod and was
free to move up and down with changes in the water-surface elevation in the
lock. While the lock was filling and emptying, any horizontal motion of the
tow caused the links to deform and vary the signal to a recorder. The links
were calibrated by inducing deflection with known weights.

12. The movement of the culvert valves was controlled by servo-driven

linear actuators that were regulated by the output of microcomputers.

14




Programming of the microcomputers resulted in varied output so that the
desired valve schedules could be reproduced.

13. Capacitance—type probes were used to record the water—surface
elevation in the lock chamber during filling and emptying operations. Other
water-surface elevations were recorded with point gages.

14. Much of the data was recorded graphically on a commercial recorder.
The sensing elements (mechanical to electrical conversion devices) located at
various points on the models were connected by shielded cables to amplifiers
where the outputs were stepped up to the level required for graphical
recording.

15. The pressure in the culvert upstream and downstream of the valwve in
the rotary valve model was controlled by vertical slide gates that were driwven
by linear actuators (Figure 10). The vertical slide gates could be varied to
accurately control the pressure in the culverts. The pressure upstrean and
downstream of the valve was measured with commercially available pressure
cells. The pressure downstream of the valve was maintained at a constant
pressure that corresponded to a given tailwater elevation.

16. A linear servo—actuator was used to control the motion of the

Fipre 100 Orientation of slide gate and actuators
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rotary valve. The linear servo—actuator was accurately controlled by a
computer so that the valve could be operated at a scheduled rate.

17. Twelve pressure cells were installed at various locations on the
face of the valve (Figure 11) to obtain a pressure distribution along the face

of the gate.
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Figure 11. Pressure cell location on face of rotary valve

18. A commercial rotating shaft torque sensor was mounted in line with
the shaft of the rotary valve to instantaneously and continuously measure the

magnitude of the torque on the shaft.

Scale Relations

19. The accepted equations of hydraulic similitude, based on the
Froudian criteria, were used to express mathematical relations between the
dimensions and hydraulic quantities of the model and prototype. General rela-
tions for transference of model data to prototype equivalents are presented in
the following tabulation. Measurements in the model of discharge, water—
surface elevations, pressures, and forces can be transferred quantitatively to

prototype equivalents by means of the scale relations.
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Scale Relations
Model:Prototype

Characteristic Dimension* Lock Model Valve Model
Length L, =L 1:30 1:12
Pressure P, =L, 1:30 1:12

Area A, = L2 1:900 1:144
Velocity vV, = L2 1:5.4772 1:3.4641
Discharge Q = L2 1:4,929.5030 1:498.8306
Time T, = L}2 1:5.4772 1:3.4641
Force F, = L3 1:27,000 1:1,728
Weight W, = L3 1:27,000 1:1,728
Frequency £, = L;Y/? 1:0.1826 1:0.2887
Torque t, = L! 1:810,000 1:20,736

* Dimensions are in terms of length.

17




PART II1: TESTS AND RESULTS

Lock Model

Initial tests

20. Spillway discharges. 1Initial observations revealed unsatisfactory
flow conditions during spillway discharges in the vicinity of the lock dis-
charge outlet on the Missouri side of the lock. A significant buildup of the
water surface occurred on the upstream side of the lock valve monolith (Fig-
ure 12) because of a discontinuity present along the lock wall between the
spillway pier and discharge outlet. A wall was installed in the model elimi-
nating the discontinuity and resulting in satisfactory flow conditions in this
vicinity (Figure 13).

21. Hawser forces. Longitudinal and transverse hawser forces were

measured on a nine-barge tow arrangement (Plate 4) with the type 1 (original)
design filling and emptying system (Plate 3) installed. These initial tests
were conducted with slide gates rather than the rotary valve in the valve
monolith to evaluate the adequacy of vertical slide gates to be used as a
backup system in case the rotary valves were inoperable. A detailed sketch of
the culvert valve monolith showing the locations of the vertical slide gates
used for flow control is presented in Plate 5. 1Initial tests were conducted
with normal valve operations; 16— and 24—ft lifts; valve opening schedules of
2, 4, and 6 min; and no spillway flow. Maximum hawser forces recorded during
filling and emptying operations are presented in Plates 6-9. Excessive longi-
tudinal hawser forces were recorded during filling operations with a 24~ft
lift. Hawser forces should not exceed 5 tons to meet US Army Corps of Engi-
neers criteria. The large forces were in part due to the high port-to-
culvert-area ratio of 1.02 and the lower submergence with the minimum lower
pool (24-ft lift). Submergence is the difference in elevation between the
lower pool and the lock chamber floor. A plot of filling and emptying times
versus valve time for normal valve operations is shown in Plate 10.

Effects of spillway discharges

22. Water—-surface differential. Due to the location of the lock dis-—

charge outlets relative to the spillway, a difference in water-surface ele-
vation between the lock discharge outlets occurred with spillway discharges

with gate openings of 5 ft and greater. This differential resulted in

18




b. Pool el 419, tailwater el 395, 15-ft gate opening
on spillway bay 1

Figure 12, Unsatisfactorv flow conditions in the vicinity of
the tock discharge outlet looking from the Missouri side




Figure 13. Wall installed in the vicinity of the lock discharge outlet
to streamline flow, pool el 419, tailwater el 395, 15-ft gate opening
on spillway bay 1 looking from the Missouri side

excessive undertravel of the lock chamber water surface during emptying opera-
tions. Undertravel for a conventional lock of this type would be approx-
imately 0.6 ft. A plot of lock chamber pool elevation versus spillway gate
opening (Plate 11) was developed for various operating conditions reflecting
steady-state flow conditions after an emptying operation. These data are the
result of leaving the emptying valves in the open position at the ead of the
emptying operation, which allowed water—surface elevations at various loca-
tions to rea'h equilibrium. The largest differential observed between the
discharge outlets was 3 ft with the minimum lower pool (el 395%*) and a 15-ft
gate opening on spillway bay 1 (adjacent to the auxiliary lock). This dif-
ferential caused a transverse flow of water through the lock and resulted in a
lock chamber pool elevation of 393.9 (Plate 1ll), which caused a 1.1-ft adverse

head on the downstream miter gate.

* All elevations (el) cited herein are in feet referred to the National
Geodetic Vertical Datum (NGVD).
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23. Hawser forces. Longitudinal and transverse hawser forces measured

on a nine-barge tow arrangement with various spillway gate openings (Plates 12
and 13) revealed a significant increase in the transverse hawser forces for a
24-ft lift and a 15-ft gate opening on spillway bay 1. The increase in the
forces acting on the barges was caused by flow through the lock chamber at the
end of the emptying operation with the flow through the lock being driven by
the 3-ft head differential between the discharge outlets. It should be noted
that the test conditions for a 24—-ft 1lift and a 15-ft gate opening on spillway
bay 1 are a worst—case operational scenario and lockages would not occur under
these extreme conditions.

24. 1In an effort to eliminate the excessive undertravel of the lock
chamber pool and excessive hawser forces during emptying operations for a
24—ft 1ift during spillway discharges, modified valve schedules were devel-
oped. The modified schedules began closing the emptying valve on the Missouri
side during emptying operations and ending its closure the instant the lock
chamber pool reached the lower pool elevation. Hawser forces measured with
the modified valve schedules are presented in Plate 1l4. The excessive under-—
travel of the lock chamber pool and excessive hawser forces were eliminated by
using the modified valve schedules; however, this resulted in slightly longer
emptying times.

25. The ports in the longitudinal culverts were modified to achieve a
port—to—culvert—area ratio of 0.957 (Plate 15) as requested by the sponsor.
Slide gates were again used as filling and emptying valves in the system.

This was designated the type 2 design filling and emptying system.

26. Test results indicated that the hawser forces acting on the nine-
barge tow arrangement were approximately the same for both the type 1 and
type 2 design systems, as shown in Plates 6-9. Filling and emptying times
were a little longer with the type 2 design system compared with the type 1
design system. That was expected due to the smaller port size in the type 2
design system. A comparison of these data are shown in Plate 10.

Rotary valves

27. Rotary valves were installed in the culvert valve monoliths
(Plate 16, type 3 design filling and emptying system). Hawser forces measured
with the type 3 design system were approximately the same as those recorded
with the types 1 and 2 design systems. For comparison these data are pre-

sented in Plates 6-9. A plot of filling and emptying times versus valve time
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for normal valve operations for types 1, 2, and 3 design filling and emptying
systems is shown in Plate 10. These data indicate that the emptying times are
less and the filling times are slightly more with the rotary valves (type 3
design) compared to those for slide gates (type 2 design) for the same port
size in the filling and emptying culverts. However, when the type 3 design
system is compared to a similar system using reverse tainter valves with the
discharge outlets downstream of the lower miter gates, the conventional system
is significantly more efficient, as shown in Plate 17. An uneven flow dis-
tribution was observed at the discharge outlets during testing. By modifying
the discharge outlet, it is possible that the efficiency of the emptying sys-—
tem could be greatly improved. The port-to-culvert—area ratio of the con-
ventional system used for comparison was 0.93. The data for the conventional

system were obtained from Ables and Boyd.*

Rotary Valve Model

Steady—-state tests

28. Initially, tests in the 1:12-scale valve model were conducted in a
steady—-state condition. A desired pressure was set and maintained upstream
and downstream of the valve. These pressures corresponded to an expected
pressure during a filling or emptying operation for a certain position of the
valve.

29. Tailwater el 403. Pressures along the face of the gate and the

torque in the shaft of the rotary valve for an emptying operatjon were ob-
tained for tailwater el 403 using the procedure discussed in paragraph 28.
This procedure was repeated for gate openings in 10 percent increments. The
pressures along the face of the gate were plotted against the distance along
the gate and are shown in Plates 18-22. The pressure difference between the
left and right sides of the face of the valve increased until it reached a
maximum between a 50 and 60 percent valve opening, then started decreasing. A
maximum torque on the gate was observed at a 50 percent gate opening

(Plate 23) and was found to be about 550,000 ft-1b.

* J. H. Ables, Jr., and M. B. Boyd. 1966 (Nov). "Filling and Emptying
Systems, Low-Lift Locks, Arkansas River Project; Hydraulic Model Investi-
gation," Technical Report 2-743, US Army Engineer Waterways Experiment
Station, Vicksburg, MS.
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30. Tailwater el 395. Pressures along the face of the valve and the

torque in the shaft were obtained for tailwater el 395 and for gate openings
in 10 percent increments. Pressure along the face of the gate versus distance
along the gate is plotted in Plates 24-28. The pressure difference between
the two sides of the gates increased until the gate reached a 60 percent gate
opening, after which the pressure difference started decreasing. The maximum
torque occurred at a valve opening of 50 percent (Plate 29) and was found to
be about 950,000 ft-1b.

Dynamic tests

31. 2-min valve time. Pressures along the face of the gate and the
torque in the shaft were measured using a 2-min valve speed. The pressure
upstream of the valve was controlled as the rotary valve opened to simulate
the emptying of the lock. The downstream pressure was controlled to simulate
a tailwater elevation of 395. Pressure versus distance along the face of
the gate for valve positions in 10 percent increm~-+s are provided in
Plates 30-34. The maximum pressure differenc. between each side of the valve
occurred when the valve reached 50 percent open. The maximum torque occurred
when the valve reached a 50 per-ent open position (Plate 35) and was observed
to be 780,000 ft-1b.

32. The pressure downstream of the valve was controlled to simulate a
tailwater elevation of 403. The pressure upstream of the valve was controlled
as the rotary valve opened to simulate the emptying of the lock. Pressure
versus distance along the face of the gate for valve positions in 10 percent
increments are provided in Plates 36-40. The maximum pressure difference
between each side of the valve occurred between a 50 and 60 percent valve
opening. The maximum torque occurred when the valve reached a'SO percent open
position (Plate 41) and was observed to be about 510,000 ft-1b.

33. 4-min valve time. Pressures along the face of the gate and the

torque in the shaft were measured using a 4-min valve speed. The pressure
downstream of the gate was set to simulate a tailwater elevation of 395.
Pressure versus distance along the face of the gate for valve positions in

10 percent increments are provided in Plates 42-46. The maximum pressure
difference between each side of the valve occurred when the valve reached

50 percent open. The maximum torque occurred when the valve reached a 50 per-
cent open position (Plate 47) and was observed to be 800,000 ft-1b.

34, The pressure downstream of the gate was set to simulate a tailwater

23



elevation of 403. Pressure versus distance along the face of the gate for
valve positions in 10 percent increments is provided in Plates 48-52. The
maximum pressure difference between each side of the valve occurred between a
50 and 60 percent open position. The maximum torque occurred when the valve
reached a 50 percent open position (Plate 53) and was observed to be

440,000 ft-1b.
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PART IV: CONCLUSIONS AND RECOMMENDATIONS

35. The results of the model investigation indicated the desirability
of modifying certain elements of the auxiliary lock as originally designed to
improve flow conditions during spillway releases, reduce the excessive under-—
travel of the lock chamber pool, and reduce the excessive hawser forces during
emptying operations with spillway discharges. This project was originally
designed as a conventional reverse tainter valve system. The design had pro-
gressed significantly when the rotary valve system was proposed. Conse-
quently, significant modifications from the conventional design were not
possible due to impacts on design and project schedules.

36. Unsatisfactory flow conditions were present during spillway dis-
charges in the vicinity of the lock discharge outlet caused by a discontinuity
along the lock wall between the spillway pier and the discharge outlet. This
discontinuity was eliminated by the addition of a wall, which streamlined the
geometry upstream of the valve monoliths, resulting in satisfactory flow con-
ditions during spillway releases.

37. A difference in water—-surface elevation between the lock discharge
outlets occurred with spillway discharges as discussed in paragraph 22. This
differential caused a transverse flow of water through the lock chamber from
the Illinois to the Missouri side of the lock at the end of an emptying oper-
ation and created an adverse head on the downstream miter gate. The crossflow
of water through the lock chamber significantly increased the transverse haw-
ser forces acting on a moored tow during the later stages of an emptying
operation. Tests indicated that a modified valve schedule could be developed
to eliminate the crossflow of water through the lock chamber and the adverse
head on the downstream miter gate; however, this resulted in slightly longer
emptying times.

38. The three different filling and emptying systems tested yielded
very similar results with respect to hawser forces measured on moored tows and
filling and emptying times. However, when the type 3 design system was com-—
pared to a similar system using reverse tainter valves with the discharge
outlets located downstream of the lower miter gates, the conventional system
was significantly more efficient in emptying the lock chamber and slightly

more efficient in filling the chamber. By modifying the discharge outlet of
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the rotary valve system it is possible that the efficiency of the emptying
system could be greatly improved.

39. The maximum pressure difference across the gate occurred when the
valve reached between a 50 and 60 percent open position during an emptying
operation.

40. The maximum torque on the valve occurred when the valve reached a
50 percent open position and was approximately 800,000 ft-1b for an emptying

operation with a tailwater elevation of 395.

26




EXISTING
OVERLOOK

EL 4345

ESPLANADE

ILLINOIS

Sipp oo ) '
(i :ér'ér —* i
v I =
H e [ B2
H "lL'___.._k“f' 83
p- ]
(=
] 5
[ ]
- w
g D
o {
=
2 e
H ! i ¥
Z ! o4
H ! O
2 T -
- p— O
1 i (=] ——d
? € NO ; | S g
g (- x_
A 5 Il g k
Z i—8 —i e
‘I e L& |
1
2 I o[ )
Z >_.§c?: I: z [
‘AN el /N ;
2 o {| I
? g:’ 5 :' S | |
2 <o ) N ® '.L
Z e bl iy m e .-
Zj -
Z & / KT 8 10 O O : L]
‘N
0 i 13 | [
= ML .
_ ] t5597h cr !
- 2oy o !
RS == : ; L
LS
B 1
Sonl o
w OF
(43 a
QQ
¥ ©
> ™
5 5P
; D .
N
D x
w
D B 2
a
D i g
O 1
==t L &
1SN os+lo D 8% | @
_IgHS 93 =
-~ — | | =3 =
| 1w )
liw | 1) \\ B

OO

GENERAL PLAN

PLATE 1




NOIS3a (IYNIDIHO) + 3dAL 130 o o
AT104INVIN SMV.LNI EES

S1HO0d INVINI 40 NOILVAIII 3QISHI07T

Y. - ", >y N
P 3 A—
. < - < - o \\ P
~
_ \ ) R ~ . N A
— aaiiiud : 0% 13
CCRER L. —
y _ o 018 13
™+~ 1.?/ oeee 13
d [ d i p)
r ' r r ¥
INVINI LHIATND 0 NVId TYNOILIIS
0201
Y

A
L

\J
oz
-0-¢1

y)
14
.0-e
0.9

vl 28 .

PLATE 2




W3LSAS ONIALINT B ONITTIS

NDIS3a (AVNIDIHO) | 3dAL

‘92¢€ 13

o 18€ 13 LH3ANI
oe6e 13

NOILVAZT3
777707 AN, _;\\§
ooz | [ w | N o __________. _®TTw=ErT___ - _d
TOERCRIETN m s /o I 1G3ATND 21 < e IR } %E_@SE-
1 dAl 9 _ @
LE HOOT4 ¥001 i e
¥-¥ NOILO3S N P 9
< P th ~N
2 L1l =
H\ o O R §'¥er 73 TIYM XD0740 dO1
2 \\ 4]
727
NOILVAIT3 TVNOILD3S
b I Nvd
r, 2Tl
» MO
T T 53 SATOHINVI
4 'SA0065+2 V1S [ 00'Sy+2 V1S
Ly INVLINI
NV1d TYNOILD3S - F9€ - .82 1v S150d P
l'_th
‘avH .0.& ave zzz :\w.o.m - - i b7
A X417 M nh m AI\“
3 3|5 30> zl>
292 @ mm ~ 1371N0 b1 e > (T
g R JOHVHOSIO 5|8 |8
=Y i
Y777 223 %18
»wZz o z|
—
2 =
m m

SNO000C+L VIS

PLATE 3




NOILISOd 394Hvd

|+. NOILVAT13 \\mmom<m IgIM-14-G€
L C | I ==
e o . -
H&<IQ \Q _ d 561 ‘— - 561 ‘—‘ <o ‘“
NVd
6 9 e
8 g z
L v | 394vE
©
" e,
+ O -
i |8 215 £ |z
© @ nls o =3

PLATE &




S3LVO 3dINS HLIM

1018 31vo 3qi7s E——

HLITONOW 3AVA 3413HOMNOD LNIW3OVd ONOD3S i
anN3o3a1
00°G8€ 73 LV NV1d
TIVM XOO0T IHNOSSIN
- 68
- - 8L - 52 T ¥
r!4 VRl VR —I'.<
4 .
[ L o AT PP
| . — 1H3AIN0. x4
1+ f------ Shatat F JDHVYHOSIA o A Py
» T00PIET 4 Fsaee0eest vis |
N ] b
v .--..un“.”nnn”““§ ) &) N
R ;
e \ R / DR )
ntviptatziel MR o / . ®
" : / '
1 ¢ . x ,
.r. o o) : §aA N0
% Fe t Lk * e R 4 Hd T Yaos
Y 4.4 ) ME Y- PRada= ozn s
“ I-A.\.‘l 09 \ . % IRRTP EELS T d
1H3AIND A ; TS e -
w |o [ 328VHOSIQ/ONITIS |} T Pl * i
I 0 00'v.€ 13 ﬂ m NHHHHBT& SJ\* @ b
) > l/ . 13 = > -
\ Saq. b- o - + »n 00 yLE > - |3
SN 4 + -~ pv} iR ’y
@ 4y @ ~ b e N
.8 n ] iR B pie '
Y Ya b S 3 . 3 W L =
2 » lo wo ¢ 3 S o
3 ra ) o] Q 3 wn
> > ¥ > L g o > A
v 3 5 Vo &
® < @ 2 @
8 3 S S
o o o P
» o » .

PLATE 5



(72}
& 15
-
)

s
[id 10
o o
w o
T &
25 °
<
I
2 0
Z
S 2
P 5
= =
2 2
4 CE) 10
)
=2
X 15
b
[42)
Z
o
'_
"
g 10
o
w

-
L s
0 Y
2 &W_._g
<
I
w 0
&
O VH-“----EI
29 3
e
o
.—
s 10
2 4 5 6 7 8 9
3 FILLING TIME, MIN
s

LEGEND
SYMBOL | VALVE TIME, MIN

(0] 2
A 4
a 6

NOTE: UPPER POOL EL 4190
LOWER POOL EL 403.0

MAXIMUM HAWSER FORCES DURING
FILLING OPERATIONS
TYPES t, 2, AND 3 DESIGN
FILLING AND EMPTYING SYSTEMS
NORMAL VALVE OPERATIONS
16-FT LIFT

PLATE 6




—
(=]

UPSTREAM
w»

DOWNSTREAM
o

10

MAXIMUM LONGITUDINAL HAWSER FORCE, TONS

172}
Z
&
-
w 10
o
[+ o
S
e
T = 5 TYPE
580 A
% -_— e
T TYPE 3 ~TYPE 1
9
&
A e
g
-
g
10
z 9 10 11 12 13
3 EMPTYING TIME. MIN
LEGEND
SYMBOL | VALVE TIME, MIN
(@] 2
PaN 4
O 6

NOTE: UPPER POOL EL 419.0
LOWER POOL EL 403.0

MAXIMUM HAWSER FORCES DURING
EMPTYING OPERATIONS
TYPES 1, 2, AND 3 DESIGN

FILLING AND EMPTYING SYSTEMS
NORMAL VALVE OPERATIONS
16-FT LIFT

PLATE 7




20

NOTE UPPER POOL EL 4190
LOWER POOL EL 3950

(%2
5
= 15 C N
w =
g5 G~\\S\
8 E 10 = ind \
o« g.) w‘\ ~
w D SR~
& B
2 5
<
I
:z(l 0
5. . TYPE 2~ TYPE 3
1 e
Z e
ot 2 10 L
z 2 TYPE 1\/
2 o 15 17,1
x
3
20
[72]
pd
o
-
w
&
& 10
[V
x
w
28 ° Bl == = 2 S
<
I
W 0
2
St o ke g ST T
w =
Z @«
<
ool
[ 10
g 6 7 8 9 10 1
= FILLING TIME, MIN
”
s
LEGEND
SYMBOL | VALVE TIME, MIN

(o] 2

Fa 4

g 6

MAXIMUM HAWSER FORCES DURING

FILLING OPERATIONS
TYPES 1, 2, AND 3 DESIGN

FILLING AND EMPTYING SYSTEMS

NORMAL VALVE OPERATIONS
24-FT LIFT

PLATE 8




[72]
Z
o
—
i 10
Q TYPE 1
5z og—ef—=
[t w—*ﬁ— 7
0 _//
% % TYPE 3 \TYPE 2
g 0
z 2
o w
T
E b o5 A —==f]
s 2 S il R
) g = £ £)
-l
s [m]
2 10
=2
x
<
s
[7]
2
o)
'_
m 10
(&
oo
o)
O
g '6‘13--_?5:_ S —
I
w 0
1]
aeg
S N
25 s =55
< é—? ¥l
a
-
3
10
§ 1 12 13 14 15
3 EMPTYING TIME. MIN
LEGEND
SYMBOL | VALVE TIME, MIN
O 2
VAN 4
O 6

NOTE. UPPER POOL EL 4190
LOWER POOL EL 3950

MAXIMUM HAWSER FORCES DURING

EMPTYING OPERATIONS
TYPES 1, 2, AND 3 DESIGN

FILLING AND EMPTYING SYSTEMS

NORMAL VALVE OPERATIONS
24-FT LIFT

PLATE




14

12

10

FILLING AND EMPTYING TIME, MIN

24-FT LIFT —
EMPTYING

16-FT LIFT
EMPTYING

24-FT LIFT —
FILLING

16-FT LIFT
- FILLING —

-

[o2]
~
[e]

2 3 4 5
VALVE TIME, MIN

FILLING AND EMPTYING TIMES
VERSUS VALVE TIMES
TYPES 1, 2, AND 3 DESIGN

FILLING AND EMPYTING SYSTEMS
NORMAL VALVE OPERATIONS

PLATE 10




LOCK CHAMBER POOL ELEVATION

404

403

402

40

400

399

398

397

396

395

394

393

3 4 5 6 7 8 9 10 11 12 13 14
SPILLWAY GATE OPENING, FT
LEGEND
SYMBOL |OPEN SPILLWAY BAY
O0——0 1
o——o 2
O-——~-0 1 AND 2

NOTE: LOCK CHAMBER POOL ELEVATION
AFTER NORMAL EMPYTING OPERATION
(BOTH EMPTYING VALVES OPEN),
UPPER POOL EL 419.0. SPILLWAY

BAY 11S ADJACENT TO THE

AUXILIARY LOCK.

LOCK CHAMBER POOL ELEVATION

VERSUS SPILLWAY GATE

OPENING

PLATE W1




1417 14-91

NOILVHIJO IATVA TVWHON
NDIS3Q (FYNIDIHO) | 3dAL

d31"HVYA MOd AVMTTIAS

HLIM

SNOILVHIdO ONIALANI ONIHNA
S30HO4 HaSMVYH WNWIXVYIN

cl I

NIN "INIL ONIALDW3I

t o]} 6 8

01—Si—

L ON AV

14 ‘ONIN3IJO 31V
_ Wb

g AYMT1IdS NO

Qg |

G

0l
ﬁ G1]

1HOIH

SNOL 'S30HOH4 HISMVH ISHIASNVHL WNWIXVYIN

1437

0°€0% 13 100d H3IMO
0'64% 713 700d H3ddN ‘3LON

9 o
4 \V/
2 o)
NIW ‘3WIL IATVA [TOaWAS
anN3Inan
NIW ‘IWIL ONIALINI
ci i [1]8 6
L
o ﬂ 9
§ St
n\\ 01 s
<
(] , m 5
¢4 g
E
1,28
£9
=
=}
o =
I
>
| s
&
D
¢ g
L 'ON A¥8 AYMTTIdS NO Y
14 "ONINIJO 31V, ®w »
| | / 23
0 Y v T an
$ 0l T ®
S
Gl

PLATE 12




14171 L4-¥C

SNOILVYH3IdO 3ATVA TIVINHON
NDIS3A (TIYNIDIHO) | 3dAL
d3tdvA MO1Td AVMTTIAS H1IM
SNOI1VH3dO ONIALJWI ONIHNA
S30HO4 HISMVYH WNWIXVIN

143

NIW "SWIL ONIALIWI
€l cl [

Q@Wmﬁ 0re

L 'ON AVE AVYMTTIdS NO

.E_.OZ\ZNQO X <01M||

_ /4
BN f

o/amo

h>

@ gl

1HO™

1497
SNOL 'SIOHOS HISMVYH ISHIASNYHL WNNWIXYIN

vi €

NIW "3WIL DNIALIWI

[§ 4

l 3

3

0'66€ 713 100d HIMON
061y 313 100d H3ddN

310N

9
v
4

Q
\Y
(o]

NIN "SWIL JATVA

TOBWAS

aAN3OIT

]

| of

0

\@

J2)

G
\
PO

G

14

L 'ON AVE AYMT

NUdS NO

‘ONIN3IJO 31 <O_/ Gl

B/

ﬁ\&h.

N

N

Fo——

W~

(113

™
WVY3IHLISNMOQ

©
WVY3H1SdN
SNOL '$30H04 4ISMVH TYNIANLIONOT WNWIXYN

PLATE 13



10

UPSTREAM
)

10
2T N
15\

GATE OPENING, FT
ON SPILLWAY BAY NO. 1

MAXIMUM LONGITUDINAL HAWSER FORCE, TONS

s
<
e
2 ° ks’
= 15
3 T
< 10
10 |
2
Z 0
}—
3] 15
& o—-_—7
u 15
x4 ° i /T ey
u {m""”-?o—-g
% GATE OPENING, FT
w0 ON SPILLWAY BAY NO. 1]
&
2 10
[73]
Z - 10,
é é 5 1510 s i
= * 15
2
2
>
g 10
9 10 11 12 13 14
LEGEND EMPTYING TIME. MIN

NORMAL VALVE SCHEDULE
——~=-=MODIFIED VALVE SCHEDULE

SYMBOL

VALVE TIME, MIN

o]
o
&)

2
4
6

NOTE: UPPER POOL EL 4190
LOWER POOL EL 395.0

EFFECTS OF MODIFIED VALVE
SCHEDULES ON MAXIMUM HAWSER
FORCES DURING EMPTYING OPERATIONS

WITH SPILLWAY FLOW VARIED
TYPE 1 (ORIGINAL) DESIGN
24-FT LIFT

PLATE 14




r—D->

el L e LA A A

4.

A

7!

‘L

p e Ao Dy M0

4t

‘d.ond-o

12 x 12"
CULVERT

LRI

-] LOoCK CHAMBER

TRV NS g e

SECTION A-A

PORT MODIFICATION

TYPE 2 DESIGN FILLING AND

EMPTYING SYSTEM

PLATE 15




JATVA AHVLOH HLIM 00°S8E 13 LV NVY1d
NOILISOd 1114 NI 3ATVYA :3LON
HLITONOW JATVA TIVYM MO0 IHNOSSIN
.68
o g - - —‘ bt B el
R4 .81 .0t .5¢ N44
L VN w ﬁv&r
T - —a
o [ R )
1 b m 183An0
N e St e 1 IDHVHOSIA oA - 5
ll. ;v @
5 Py
PO TN Yy SR 1 Ab
P e ,
—— utuiededin Eathaibatated 9
D e LIIT PR ST 52 @
3 Q
(&) [224
N o2}
# KR v TL u
o a,” % ] Pmm\/JDO “a
I ,llnnnu“m ~T01-E) ! ONITIS !
: 13-
1H3AIND %o % \ 09 JATVA AHVLOY w
3FDHVHOSIA/ONITIS V\Qu&:ms 8} o%
— iy - 4 4 - / S
amm 00'vZ€ 13 IE z | 4
7 - n r* >
— T s = iR
) - > 3 - > D
; 13 g > i 5
1 S8 o 2 S ot
&7 w1 © T~
N 1O ; . ~ HO ¢
= g '@ Ov m @ _/
ST op— o o R
N+N v\hm b w 1S

PLATE 16




FILLING AND EMPTYING TIME, MIN

14

-

\

\ &

4 5 6 7

VALVE TIME, MIN

FILLING AND EMPTYING TIMES

VERSUS VALVE TIMES
COMPARISON OF TYPE 3 DESIGN
WITH CONVENTIONAL SYSTEM

NORMAL

VALVE OPERATIONS
24-LIFT

PLATE 17




AVG PRESSURE ELEVATION, FT

422

420

418

416

414

412

410

408

406

404

402

400

422

420

418

416

414

412

410

408

406

404

402

400

6 7 8
5 =G 11 12
! o )
34 10
t
w w
< =
O o
S ! S
L w w
g 'z g
w o o
w
(o]]
w
2
o
o
E'_ UPSTREAM PRESSURE 418.8 |
é GATE OPENED 10%
10
I 7 o 12
4 6 8.9 11
35
]
- E
i <
o %]
u w
@] 1 Q
w w
Q w ]
a g 2
(]
Ww
O
w
P-4
3
o
W, UPSTREAM PRESSURE 418.6 |
z GATE OPENED 20%
Q | |
0 8 12 16 20 24 28

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

DISTANCE ALONG GATE, FT

PRESSURE ON FACE OF GATE
TAILWATER EL 403.0
GATE OPENED 10 AND 20 PERCENT

PLATE 18




422

420

418

416

B g

N

414 /2{45

412

410

EDGE OF GATE

EDGE OF GATE

408

406

404

402

400

, UPSTREAM PRESSURE 418.4_
GATE OPENED ?o*y
| l

CENTER LINE OF GATE

422

420

AVG PRESSURE ELEVATION, FT

1 12

'

418

416

414 2

\

412

(\L

410

EDGE OF GATE

EDGE OF GATE

408

406

404

UPSTREAM PRESSURE 418.1

402

400

— —

GATE (l)PENED 10%

CENTER LINE OF GATE

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

12 16 20 24 28
DISTANCE AL ONG GATE FT

PRESSURE ON FACE OF GATE
TAILWATER EL 403.0
GATE OPENED 30 AND 40 PERCENT

PLATE 19



422

ol
420 7—10

4 o
8 7
416

414 3

(‘L
4

412

410

EDGE OF GATE
EDGE OF GATE

408

406

404

. UPSTREAM PRESSURE 417.7 |

402
GATE (I)PENED ?0%

CENTER LINE OF GATE

[ T

400

422

-

420 8 !
g .
i (&) N
418 7 10 \%2
/F

416

AVG PRESSURE ELEVATION, FT

N

414

! /
w 6 w
[ chf -
412 S 2/5 g
S ' 5
410 |w w wH
2
408 &)
[V
O,
406 w
2
o
404 «
402 F1_UPSTREAM PRESSURE 417.2 |
& GATE OPENED 60%
400 O | |
0 4 8 12 16 20 24 28

NISTANCF Al ONG GATE FT

NOTE: NUMBERS ON PLOTS INDICATE

PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
TAILWATER EL 403.0
GATE OPENED 50 AND 60 PERCENT

PLATE 20




422
420 -
! 08 12
418 7 10 —Y
416 /
414 /
w1 4 6/ =
< 2 s
412 1O G 3 U]
5 5 l 3
410 fw - Wl w
g 2 §
408 = -E
o
406 o
Z
-
: 404 «
2 402 ! UPSTREAM PRESSURE 416.0 |
= 5 GATE OPENED 70%
5 © 1 |
> 400
-
w
w
o g
2 422
w
o
= a2
> 3
9
< a8 1 12
g5 1o
416 10!
1 7
414 o m
< A A <
412 1O \\?-3 6/ O
w 5 u
o G
wo g i By s
.—
2 Q
w < o
408 6]
(V'Y
o
406 et
Z
-
404 -
402 ‘,“_’s UPSTREAM PRESSURE 414.2_
E GATE OPENED 80%
400 O | |
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER,

PRESSURE ON FACE OF GATE
TAILWATER EL 403.0
GATE OPENED 70 AND 80 PERCENT

PLATE 21




422
420
i
418
8 12
416 1
! 90 #?0
414 " ! _
5 / <
412 o%_z 7 z
o u
o] 3 &
410 tw \O\e 6 '(u: °
8 4 z 8
408 |~ (o) g 2
5 W
(@]}
406 ‘;
~ 404 3
LL‘ o
& 402 1! UPSTREAM PRESSURE 4135 |
T z GATE OPENED 90%
2 400 O
-
w
w
@
8 422
[72)
w
o
S 420
s !
- ¢ 4 B ]
18 ‘”_ﬁ "
—
416 ] 9 O
I
8
414 N\ /1%
w N 2 / —
< \3\ 7 =
412 é 3 / é
5 . °
410 jw " S
g o - w
a 5 < 8
408 6]
3
406 Wl
<
5
404 <
a i, UPSTREAM PRESSURE 412.9 |
> & GATE OPENED 100%
400 © | |
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE

PRESSURE CELL NUMBER.
PRESSURE ON FACE OF GATE
TAILWATER EL 403.0
GATE OPENED 90 AND 100 PERCENT
PLATE 22




0°'e0¥ 13 H3LVMIIVL
ONINIdO 3LVD LNIOH3Id SNSH3A 3NDHOL

ONIN3IHO 3LVD %
001 06 08 0L 09 0s

ov

(01

014 0l

[

INDHOL ‘NIN  Vieammly
INDHOL XV O

S ELER

O

//

00z

009

008

000°1

87-14 000’ NI "L4VHS NO 3N0DHOL

PLATE 23




422 ] — T - — - —
10 12
o — - PR S N Bl :
09
418 2 3 8
1
416 VA
414 EL ’lf
O 3
412 w
o 5
410 ' g o
3 &
408 E
[
406 E 1
O
[ 404
u-.
& 402 UPSTREAM PRESSURE 418.9 -
= | GATE OPENED 10%
a 400 1 1 1
o 0 4 8 12 16 20 24 28
w
s oy
R —
g o 10 11| 12
] e 7 gl =0
g 6 V 8of
418 4 —
416 [ 3 jJ
2
414 // } 4ﬁ -
/1 '
412
1d | o
410 } 1 O E
w o}
408 L—-—— - } - 8 %r t 6
@ o
z| .
404 + i 8| 1
w2 f— 4 +— - -1 UPSTREAM PRESSURE 418.7 -
GATE OPENED 20%
400 0 4 8 12 16 20 24 28
DISTANCE ALONG GATE. FT
NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
TAILWATER EL 395.0
GATE OPENED 10 AND 20 PERCENT

PLATE 24




422
' 9 ;|12
420 7 A‘]'O
o/g o
418 1/}&;7#"’
416 a {
414 / El
w 2 o 3 (O] w
a12 1k w <
3 o 0}
'8 W
410 O w o
b4
408 t o o w
14 L
406 uZJi
(&)
= 404 1
8 a2 UPSTREAM PRESSURE 4183 -
2 GATE OPENED 30%
> 400 1 i i 1
w
)
W
w
@
D
§ 422 T > 9
& 9/109\ 12
o 420 ‘o
z 8 11
418 - //
416 /
4
414 3 - Wt
w < w
a2 t O] <
] 2/ U [&]
w (@) w
410} G W o
w z w
408 } O — §~
Wwi
/ i
406 1 d >
S
404 O |
402 UPSTREAM PRESSURE 417.8 -
GATE OPENED 40%
400 )i A - L
0 4 8 12 16 20 24 28
DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
TAILWATER EL 395.0
GATE OPENED 30 AND 40 PERCENT

PLATE 25




422 Y
9 _010
420 1
o
418 7 8 P 12
416 L/
a4 b /J =l
x <
g Z 2
a12 }6 <1 L
w O w
o o w
410 '8 Ot 8.
w
Z
408 z
o
406 0 ¢
5
- 404 w
v O
5 UPSTREAM PRESSURE 416.9
7 GATE OPENED 50%
& 400 | 1 1
-
w
&
2
422
T e
o 420 /8' O\,
g 10 )
> 12
< 418 o
80
416 7
414
w wy/ =
a2 b 2 <
w /(9 w
a0 +S + 6 A-u O
o N o o
2| 4 :
408 | b
0 ; 4 S T
406 3 c -
10\\~j;//, 5
404 o g
Q

—

402

UPSTREAM PRESSURE 415.6
GATE OPENED 60%

<4

400

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

8 12 16 20 24
DISTANCE ALONG GATE, FT

28

PRESSURE ON FACE OF GATE

TAILWATER EL 395.0
GATE OPENED 50 AND 60 PE

RCENT

PLATE 26




422 T
o
420 <
418 8 O /’0‘~c
w 9/9‘
416 [ % —
H Tl 7/ o8 >
414 P(.’J E ; 7
5 z| / &
412 Iy w WA
1G] o 8
a w
410 [@ :
3
6
408 [~ '
406 2 " 1
L’: 404
& a2 UPSTREAM PRESSURE 413.8
g GATE OPENED 70%
| L 1 1
& 400
-
w
w
[1 e
2
8 422 T
w
a
o 420
(@]
>
< 418
w 12
-
416 é
e s 9 11
: Y ° A
412 -§ = / S
O @ ol
410 qu w / o8 8
[} Z @]
408 - W [T} Wi
1 o /
406 o2 4 6
oy |/
&
404 [) 3 | 7
402 UPSTREAM PRESSURE 411.8
GATE OPENED 80%
400 — .
0 4 8 12 16 20 24 28

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

DISTANCE ALONG GATE, FT

PRESSURE ON FACE OF GATE
TAILWATER EL 395.0
GATE OPENED 70 AND 80 PERCENT

PLATE 27




422

420

418

416

e

414

412

EDGE OF GATE

410 |

CENTER LINE OF GATE

EDGE OF GATE

408

o

406 g

p 3

N\

\2\ §
404

\

402

GATE OPENED 90%
L A 1

UPSTREAM PRESSURE 410.4

400

8 1

2

16 20 24

DISTANCE ALONG GATE, FT

28

422

|

420

AVG PRESSURE ELEVATION, FT

418

416

v

414

-

-+

10

412 |

™

(o)

EDGE OF GATE

410

CENTER LINE OF GATE

8

v

EDGE OF GATE

3
408 \€\4

P

406

404

a5

402

G'ATE OPEINED 100‘:/0

UPSTREAM PRESSURE 409.3

400

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

PRESSURE ON FACE OF GATE
TAILWATER EL 395.0
GATE OPENED 90 AND 100 PERCENT

PLATE 28




0°'G6€ 13 HILVMIIVL
ONIN3dO 31VD LN3OH3d SNSH3IA 3NDHOL

00! 06 08

ONINIJO 3LVD %
09 0S

oy

ot

0¢

(e]3

s

3INOHOL NIN O—g

A

"~

3INDYOL .oi o—o

3NDHOL XYW O—0
_
aN3O3aT
|

Q

.
~
~
N
T~

00¢

6/¢14

009

008

000t

87-14 000t NI 'L4VHS NO 3NDJ01

PLATE 29




422
1>5/g~ 10 1
420 A3 7—9-— —012

418 1 d 4

416

r.—

414

L

412

410

408 b

EDGE OF GATE
EDGE OF GATE

i

406

CENTER LINE OF GATE

404

402

GATE OPENED 10%

400

424 ] I

422

?N

AVG PRESSURE ELEVATION, FT

)
d

420

418

416

o=
\\

414

EDGE OF GATE

412

EDGE OF GATE

"

410

v

408

—

406

CENTER LINE OF GATE

404

GATE OPENEIED 20%

402
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE. FT

NOTE: NUMBERS ON PLOTS INDICATE PRESSURE ON FACE OF GATE
PRESSURE CELL NUMBER. 2_M|N VALVE TlME
TAILWATER EL 395.0
GATE OPENED 10 AND 20 PERCENT

PLATE 30




424 T

6 7 10[ 11
9_—&
422 q’s/ 8g o1z
420 2 3 /
418 N 4 "f .
a6 I <,:L -
o / (O] (0]
w w .
414 [ O o 04
w w
0] // w O
412 FO Z o
W :' w
410 ‘[‘ &
5
408 w4+
O
-~
L 406
4
o
£ 404
< GATE OPENED 30%
W 402 1 1
w
Wi
3 9
A 422 i v Oy
& 7 010 012
Q A >
g 420 8 11
<
418 sq A/Ef/,
416 }\3/
414 4 :
w
w - 'LL_J{
412 b < s
5 O o
m u“
410 “'-OL O l“Ou
& 2 2
408 } <
a J 3 w
1 @
w
406 E
404 qu
QO
402
GATE OPENED 40%
1
400
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE

PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 30 AND 40 PERCENT

PLATE 31




422

420

7/9'\11

418

[~ T2

416

—

1

414

412

T

410

EDGE OF GATE
N
| .
N

EDGE lOF GATE

A

408

T

406

N

CENTER LINE OF GATE

404

402

GATE OPENED 50%

400

422

420

AVG PRESSURE ELEVATION, FT

418

416

012

414

\l
°:0\E§g> ©
%

—h

T

412

n

410

T

408

EDGE OF GATE

.

EDGE OF GATE

406

p—

404

402

CENTER LINE OF GATE

GATE OPENED 60%

400

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

12 16 20 24 28
DISTANCE ALONG GATE FT

PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 50 AND 60 PERCENT

PLATE 32




422

420

418

416

414

p—

EDGE OF GATE

1

412

CENTER ll.I_NE OF GATE
ﬂ\,}
D
o
]

410 T

A

D

1

‘7

Oy
EDGE Of GATE

408

406 1

404 T4

402

GATE OPENED 70%

400

422

420

AVG PRESSURE ELEVATION, FT

418

416

100 /\

414

N
4

412

CENTER LINE OF GATE

—

EDGE OF GATE

410

T

408

EDGE OF GATE

406

404 \

402

|
{
N

H

GATE OPENED 80%

400
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE, FT

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 70 AND 80 PERCENT

PLATE 33




422 I

420

418

416

11
10 12
[~

414

e

EDGE OF GATE

412

A

410

®0 [ o]0
EDGE OF GATE

CENTER LINE OF GATE

408

406 67 1T 1
ey 7

404

b~
— b
"~

402

I GATE OPEI\fED 90%
1

400

422

420

AVG PRESSURE ELEVATION, FT

418

416

414

412

-

410

T
EDGE OF GATE

T

A

408

2
406 /A :
\ > 6! <4 7/

404

EDGE OF GATE

CENTER LINE OF GATE

N\

402

- &

Gi\TE OPENEID 100%

400
0 4 8 12 16 20 24 28
DISTANCE ALONG GATE, FT

NOTE: NUMBERS ON PLOTS INDICATE PRESSURE ON FACE OF GATE
PRESSURE CELL NUMBER. 2-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 90 AND 100 PERCENT

PLATE 34




0°66€ 13 HILVMIIVL
3NILL IATVA NIN-¢
ONIN3dO 31LVvD LIN3OH3Id SNSH3A 3NDHOL

ONINIdO 3LVD %
001 06 08 0L 09 0S oy oe 02 oL 0

— ooz
3NDHOL NIN ©—%
|
3NOYOL XYW ©0—0
—
aN3o3at
I i ooy
009

0001

PLATE 35

8714000t NI '13vHS NO 3NOHOL




422
420 ] 2 4 6 7 8,9,10—11 12
O O — O OdeeO
o o]
418 35
416
|
a4 w
B >
412 o S
5 ' 5
410 L w il w
- (@]
3 < m
408 (— 9 =
w
O,
w
406 W
prt
z = —
o 402 E GATE OPENED 10%
P! 3]
> 400
-
w
w
@
§ 422
w
& 420
‘~>9 4 6 1 7 10'8 11 12
< a8 }4§3 9
o 5
416
]
a14
w w
s [=
5 a
412 to o
w w
Q | (@]
a10 fu w 0
o < a
408 O
(71
O
406 u
z
-
404 «
e
1
402 = GATE OPENED 20% —
S
400
0 a 8 12 16 20 24 28

DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE

PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 403.0
GATE OPENED 10 AND 20 PERCENT

PLATE 36




422
420 i » 5 10
o 8 12
418 4 6’ 8\1.-1 )
i/’//03
416 v 5
|
a14 1/
4 w
1w .
<
412 o S
I ! o
410 '“o’ L}E ‘(;
a « ol
a S
408 o
O
406 w
a
L 404 «
z '_Uj'
Q 402 Z GATE OPENED 30%—
w
< 8
o 400
-
w
o
oo
2 a22
3
o 420 5 7—8,9,10 12
z o o 11 [0
< 418 3V \9/
416 2 5
|
414 — m
< <
a2 o o
[19
8 1 (@]
410 tw w w
o
3 5 2
408 Q
u
o]
406 W
3
404 -
Lul
402 = GATE OPENED 40%
400 S
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE

PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 403.0
GATE OPENED 30 AND 40 PERCENT

PLATE 37




an
420 7 8.9,10 11 12
] | /0/0-\0____0
418 —
4<,/”£r
416
of "
2 o]
414 5 [
w A~ ~
Z 1 / g
412 fo— £ S
S ! o
w
410 Fuoi w o
a < w
408 = ©
(VY
O
406 w
Z
3
t 404 x
z !
O 402 z GATE OPENED 50% —1
7 8
2 400
—d
w
s
x
2 a2
w
r g
o 420 7—8.9,10——11 -
3 ' /p-—o——ON
418 v
416 6 /
|
AT o , ; 4 "
= 5
412 jo—0=—t S
8 ' @]
w
410 |u w g
a < @
408 ©
w
O,
406 w
3
404 «
LuI
402 5 GATE OPENED 60% —
3]
400
0 a 8 12 16 20 24 28
DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 403.0
GATE OPENED 50 AND 60 PERCENT

PLATE 38




422

420 8

418 7 10

416 pd

414

\

412

/
3

410

EDGE OF GATE
EDGE OF GATE

408

406

404

402 GATE OPENED 70% —

CENTER LINE OF GATE

400

422

420 1

10 .12

AVG PRESSURE ELEVATION, FT

418 9

416 -
|/
414

412

—_

(w
H
EDGE OF GATE

CENTER LINE OF GATE

410

EDGE OF GATE

408

406

404 |[—

402 GATE OPENED 80%

400
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE, FT
NOTE: NUMBERS ON PLOTS INDICATE

PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 403.0
GATE OPENED 70 AND 80 PERCENT

PLATE 39




AVG PRESSURE ELEVATION, FT

422

420

418

416

414

412

410

408

406

404

402

400

422

420

418

416

414

412

410

408

406

404

402

400

12
10 11 o
8}'/)’
! 9
7
w ro g w
5 g
O 2 o
TN 4 6 | w
o B’ ©
a 30 w w
Q ps Q
: G 3 :
¥
(oF]
w
P4
3
o
EI
'5 GATE OPENED 90% —
Q
!
12
10 1,1/
1 ;i,/’,
9
g 8 "
< 7 2
w .
8 \\3 6 '/ uo.p.
Q Q
2 4 E 3
5 &)
w
OI
w
<
3
mI
g GATE OPENED 100% —
&
O
0 8 12 16 20 24 28

DISTANCE ALONG GATE, FT

PRESSURE ON FACE OF GATE
2-MIN VALVE TIME
TAILWATER EL 403.0
GATE OPENED 90 AND 100 PERCENT

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

PLATE 40




0't0y 13 H3LVMIVL
3NIL 3ATVA NIW-¢

ONINIdO 31V¥D LIN3OH3d SNSH3IA INDHOL

06 08 oL

ONIN3dO 3LVO %
09 0S ov 0g

oc oL

INDHOL ‘NIW Vil

INDHOL ‘XVYIN  Qumanmm
anN3ona

—

00¢

009

008

0001

81-14 000t Ni "LdVHS NO 3NDHOL

PLATE




424 1

5 6
422 2__4 o= 7—9 :1;__

420

418

—

416

414 T

A

412

EDGE OF GATE
EDGE OF GATE

410

408

CENTER LINE OF GATE

406

404
GATE OPENED 10%
1 1

402

A
424 sT4—6 T a T
2 7 P

422 3 8+ 11
o
418 //

Lol

1

AVG PRESSURE ELEVATION, FT
—h
o

416

414

EDGE OF GATE

412

EDGE OF GATE

i

410

408

CENTER LINE OF GATE

406

404

GATE OPENED 20%

402

0 4 8 12 16 20 24 28
DISTANCE ALONG GATE, FT

NOTE: NUMBERS ON PLOTS INDICATE PRESSURE ON FACE OF GATE
PRESSURE CELL NUMBER. 4-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 10 AND 20 PERCENT

PLATE 42




AVG PRESSURE ELEVATION, FT

NOTE:

422 3

Ll

420

T

418

i

1

T

A

EDGE OF GATE

416

EDGE OF GATE

.

414
i/
412

410

408

CENTER LINE OF GATE

406

-+

404

402

GATE OPENED 30%
1 1.1

400

7 10

422

Y
811
| ol 8 12

420

418

EDGE OF GATE
[¢,]

T

416

AROO(‘J

EDGE OF GATE
)

7
414

i

412 —

—

410 |—J1

408 [o]

406

CENTER LINE OF GATE

404 |-

402

400

GATE OPENED 40%
1 1 1

NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

12 16 20 24 28
DISTANCE ALONG GATE, FT

PRESSURE ON FACE OF GATE
4-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 30 AND 40 PERCENT

PLATE 43




422

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

= w
420 .:.(9 zq
u 0]
418 9 51
- (G} 6 12 w
5 416 |9 Q
2 w o1
o 5 wl
T4 [
g S AK
o 412 o
w %/ o
2 410 w
2 / 2
-l
& 408 o
: Z
< 406 zt
1! 5]
404
402
GATE OPENED 50%
400 n
422 v
w ' Y =
420 +& 1 - 0]
v 10 o)
418 9 1 ]
. i/ 3
L 416 pw 8t 12—
3
E 414
S 6
> w
Wos2 V-4 -
o )
T a0 uw
7 @
w u
T 8 z
0] -
z 406 o
El
404 Z
S
402
GATE OPENED 60%
4m e e A
0 4 8 12 16 20 24 28

DISTANCE ALONG GATE, FT

PRESSURE ON FACE OF GATE
4-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 50 AND 60 PERCENT

PLATE 44




422

420

T

418

EDGE OF GATE

416

[{<]
EDGE‘ OF GATE

117

oooa
[
N

414

412 5

410

V.
408 3

406

-

402

CENTER LIYFE OF GATE

GALTE OPENEllD 70%

100

422

420

418

AVG PRESSURE ELEVATION, FT

EDGE OF GATE

416

414

iEDGg OF GATE

|

412

410

@
[
o
{
N

d

CENTER LINE OF GATE

408

406 5—+6

N

2
104 *"—1

402

400

GATE OPIENED‘SO%

-

NOTE: NUMBERS ON PLOTS INDICATE
PRESSURE CELL NUMBER.

12 16 20 24 28
DISTANCE ALONG GATE, FT

PRESSURE ON FACE OF GATE
4-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 70 AND 80 PERCENT

PLATE 45



422 |

420

418

416

"

414

R

EDGE OF GATE

412 ¢+

XWOD
-y
= [{e]
-
N
EDGE OF GATE

410

CENTER LINE OF GATE

408

406 2

404
0 10/

402

GATE OPENED 90%
L il

400

422
R
420

418

AVG PRESSURE ELEVATION, FT

416

414

412

EDGE cj)j GATE

EDGE OF GATE

410

408

406

404 2 3

1 Qe o
402 6
4/5
GATE OPENED 100%

400 i L

0] 4 8 12 16 20 24 28
DISTANCE ALONG GATE. FT

\ CENTER LINE OF GATE

NOTE: NUMBERS ON PLOTS INDICATE

PRESSURE CELL NUMBER. PRESSURE ON FACE OF GATE
4-MIN VALVE TIME
TAILWATER EL 395.0
GATE OPENED 90 AND 100 PERCENT

PLATE 46




0°'S6€ 13 H3LVYMIIVL
JNIL JATVA NIN-¥
ONINIJO 3LYD LN3IOHId SNSHIA 3NDHOL

ONIN3dO 31VD %
06 08 0L 09 0s oy

0ot

0

01

A

_ RNEGER
v/ o . I

3N0HOL .Z:._‘ o—
3NOHOL XYW O—O

—_

(1074

009

008

000t

87-14 000’ NI L4YHS NO 5..0HO01

PLATE 47
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